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Abstract

The collection of suspended-sediment concentration data is costly and time consuming, and
poses risks to field personnel, yet many managers and scientists require these data. Turbidity is
an optical property of the clarity of water which, if correlated to suspended-sediment
concentration, can produce timely, high resolution data at significantly reduced cost. The
correlation of suspended-sediment and turbidity has been proven in a number of streams, but the
success is site specific and limited by changing variables such as sediment particle size, sediment
color, and presence of organic and biological material, among other factors. This study
determines the ability of turbidity to predict suspended-sediment concentration at nine sites in
the Middle Rio Grande, New Mexico, using correlation, and simple and multiple linear
regression models. These models ranged from quite weak (adjusted r² = 0.3903 at Rio Grande
San Felipe, NM) to useful (adjusted r² = 0.9213 at Rio Grande above highway 380 near San
Antonio, NM). While statistical significance may be lower than desired, suspended-sediment
concentration was more correlated with turbidity at all sites than it was with streamflow, thus
proving suspended-sediment to have a stronger relationship with turbidity than the broadly
accepted relationship with streamflow in the Middle Rio Grande, NM.
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Introduction
Sediment and other solid-phase constituents have been listed by the U.S. Environmental
Protection Agency (2008) as the most prevalent sources of impairment to the nation’s surface
water. Suspended-sediment concentration (SSC) and suspended-sediment load (SSL) data are
collected to aid scientists and natural resource managers with understanding and managing
sediment related issues. SSC data are costly to collect and are generally limited in temporal
resolution. Surrogate technologies for SSC have been developed to reduce cost and/or increase
temporal resolution of data (Gray and Gartner, 2009). Turbidity devices have been proven as a
credible surrogate for SSC in selected fluvial systems (Schoellhammer and Wright, 2003;
Rasmussen et al., 2005; Rasmussen et al., 2009; Uhrich, 2002; Uhrich and Bragg, 2003; Lewis,
2002; Christensen et al., 2002; Jones et al., 2011). However, the use of turbidity as a surrogate
for SSC has limitations due to site-specific factors such as 1) dissolved organic compounds, 2)
varying suspended-sediment particle size (especially sand sized sediment), and 3) sediment
shape and color, among others. This study analyzes and defines the correlation between SSC and
turbidity at nine sites in the Middle Rio Grande, New Mexico, and determines whether useful
estimations of SSC can be calculated from a simple or multiple linear regression model.

Purpose and Scope
This study investigates the feasibility of using values of turbidity from stream water as a
surrogate for SSC at multiple sites in the Middle Rio Grande. Concurrent SSC and turbidity data
collected by the United States Geological Survey (USGS) at nine sites (Figure 1) during 2004 to
2012 were analyzed using simple and multiple linear regressions. Eight of the nine sites are on
the main stem of the Rio Grande, a 5th order stream; the other site is located on the Rio Puerco, a
significant tributary to the Rio Grande both in terms of streamflow and SSC during the summer
monsoons. The sites along the Rio Grande range from the Rio Grande at Otowi, NM, site near
Los Alamos in the north, to the Rio Grande floodway at San Marcial, NM, site 30 miles south of
Socorro, NM.
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Figure 1. Map of New Mexico and the Middle Rio Grande, herein defined as the stretch of the
Rio Grande from Cochiti Reservoir to Elephant Butte Reservoir. The triangles indicate the
location of sampling sites for this study (map created by Tyson Hatch with ArcMap 10.1).
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At sites where significant correlation exists, and where a useful simple or multiple linear model
can be made, turbidity readings may be used to estimate values of SSC at much reduced cost,
with increased temporal data resolution. Specifically, this paper:

1. Determines correlations between SSC and turbidity at nine sites in the Middle Rio
Grande.
2. Determines site specific simple/multiple linear regression models which may be
developed for use in calculating SSC and suspended-sediment loads.
3. Determines usefulness of real-time turbidity data to calculate SSC and suspendedsediment loads.

Background
Suspended-sediment concentration
Suspended sediment in lotic and lentic systems, either too much or too little, poses challenges to
managers of natural and engineered waterways (Angino and O’Brien, 1968; Vanoni, 1975).
Sedimentation is a naturally occurring fluvial geomorphic process that has created rich
floodplains, important aquatic habitat, and desirable farmland in deltas and floodplains. Yet
erosion, sediment transport and sedimentation also results in 1) damage to agriculture, 2) loss of
reservoir storage capacity, 3) altered navigable channels, irrigation infrastructure and waterways,
4) threats to the safety of human life and property, and 5) resulted in the destruction or alteration
of aquatic and riparian habitat. Physical, chemical, and biological damages due to suspended
sediment in North America have been estimated to cost between $20 and $50 billion annually
(Osterkamp et al., 1998; Gray and Osterkamp, 2007).
Decreased quality of water by chemical constituents has also been linked to sediment transport
(Ongley et al., 1992). Trace-metals (Lion et al., 1982; Tessier, 1992), phosphate (Fox, 1993),
8

polychlorinated biphenyl (Nau-Ritter and Wurster, 1981), and other chemicals have been shown
to adsorb to sediment, aggregating constituents to suspended-sediment particles, which in turn
deposit and accumulate in stream beds and floodplains. Once deposited, anaerobic conditions
may favor chemical processes that result in new toxins such as methylmercury (Ullrich et al.,
2001). While not inherently the cause of contamination, understanding the interaction between
SSC and contaminants is beneficial to water quality management.
Diplas et al. (2008) list SSC data as a requirement for a variety of proper riverine management
strategies, including structural design and removal, erosion, transport, sediment delivery, stream
restoration, as well as solid-phase contaminant transport. SSC samples are collected by field
personnel and processed over a number of weeks in a laboratory. These data are then used for a
variety of purposes, one being calculation of mean daily values of SSC. If streamflow data are
available, mean daily SSL may be calculated as well. As useful and necessary as these data may
be, they are not timely and are costly to collect. Surrogate measurements for SSC are being
developed to reduce the cost of data collection; measurement of the turbidity of stream water is
one potential surrogate that has been proven successful in other riverine systems.

Turbidity
Turbidity is an expression of the optical property of water and is defined as the reflectance and
absorption of light as it passes through a water sample in a straight line (American Public Health
Association, 1992). Turbidity is a commonly used method for quantifying water clarity.
Turbidity is a relative index of scattering and absorption of the physical properties of water,
rather than an inherent physical property of water (Sadar, 1998). Reported units of turbidity vary
with three components of a turbidity meter: light source, detector, and optical geometry (Sadar,
1998).
Historical measurements of turbidity have not been measured using consistent light sources,
detectors, or detection angle (Table 1). Different combinations of these may result in values of
turbidity that may be significantly different (Sadar, 1998; Davies-Colley and Smith, 2001;
Landers, 2003; Ziegler, 2003; Rasmussen et al., 2005). Values of turbidity are not always
9

comparable due to different monitoring methods. Changing light source, the number of sources,
detection angle, and number of detectors all influence the value of turbidity. Pavelich (2002)
found two similar turbidity meters (Hach 2100AN, and Hach 2100A) varied greatly, the only
difference between the devices being the number of light detectors.

Table 1. Designation units of turbidity explained with their associated light source and quantity,
detection angle, and detectors (from Anderson, 2005).

Values of turbidity may also be affected by the presence of suspended and dissolved constituents
such as clay, silt, finely divided organic matter, plankton and other microscopic organisms,
organic acids, and dyes (ASTM International, 2003). Suspended-sediment is not the only
suspended particles which refract and absorb light; therefore, values of suspended-sediment and
turbidity cannot be used interchangeably (Davies-Colley and Smith, 2001).
10

Turbidity data are a valuable guide to determine the clarity of water. Under the federal Clean
Water Act (1972), States must determine total maximum daily loads (TMDL) for all pollutants in
any impaired waters within the state, and turbidity is frequently a prominent impairment. The
New Mexico Environment Department (2011) has listed turbidity for TMDL exceedance
occurring at 31 of the 162 total listed sites for the entire state. In addition, attenuation of light
caused by turbid waters results in reduced photosynthesis (Kirk, 1994), reduction in the distance
an organism can see in the water, altering predator/prey interaction (Vogel and Beauchamp,
1999), and reducing the recreational use of lakes and rivers (Smith et al., 1995).

Study sites
The USGS has collected SSC and turbidity data at nine sites (Table 2) within the Rio Grande
valley, including seven sites in the Middle Rio Grande, herein defined as the stretch of Rio
Grande from Cochiti Reservoir to Elephant Butte Reservoir. Included in this study is one site
above the Cochiti Reservoir at the Rio Grande at Otowi, NM, as well as one site on the Rio
Puerco near Bernardo, NM, just upstream of the confluence with the Rio Grande near the town
of Bernardo, NM.
The Rio Grande in New Mexico flows through the Rio Grande rift, a major structural element of
the Southern Rocky Mountain region that extends from Colorado, through New Mexico and into
Texas and Mexico (Baldwin, 1956; Keller and Baldridge, 1999). Fox et al. (1995) list the main
landforms in the Middle Rio Grande as pediments, dissected slopes, fault scarps, terraces,
alluvial slopes, alluvial fans and cones, major stream floodplains or valley bottoms, eolian
blankets and dunes, and volcanic fields, ridges, and cones. The bed material may consist of
cobble and gravel, yet the channel through most of the Middle Rio Grande is shifting sand
alluvium, with low banks and little sinuosity (Lagasse, 1981). The Rio Grande rift fill material is
mainly composed of Santa Fe Group deposits from the Miocene to early Pleistocene (Fox et al.,
1995).
With the closing of the Cochiti Dam in 1973, the straightening of the river channel, and
bounding levees, the hydrology of the Middle Rio Grande has become highly altered (Molles et
11

al., 1998). Regulated flows from the Cochiti Dam have prevented historically large floods,
decreased periods of low flow, and changed transport characteristics of suspended-sediment and
bed material. The unique hydrology and highly altered nature of the Middle Rio Grande often
results in changes in SSC and particle size, color, and mineral composition, all of which may
influence the correlation of SSC and turbidity (Rasmussen et al., 2009). Ephemeral streams and
arroyos that are strongly impacted by monsoon rains produce very intense, short duration flows
which can contribute high concentrations of suspended sediment, yet a disproportionately small
amount of discharge. Major tributaries to the Rio Grande known for high concentrations of SSC
along the middle Rio Grande include the Jemez River, Galisteo Creek, Rio Puerco, Rio Salado,
as well as myriad other smaller streams and arroyos.

Period of record
(years)

Number of
turbidity and
SSC samples

Rio Grande at Otowi, NM

2004 – 2012

63

08319000

Rio Grande at San Felipe, NM

2004 – 2012

57

08330000

Rio Grande at Albuquerque, NM

2004 – 2012

84

08331000

Rio Grande at Isleta, NM

2004 – 2012

59

08332010

Rio Grande floodway near Bernardo, NM

2004 – 2012

76

08353000

Rio Puerco near Bernardo, NM

2004 – 2012

51

08354900

Rio Grande floodway at San Acacia, NM

2004 – 2012

95

08355490

Rio Grande above Highway 380, near

2009 – 2012

32

2004 – 2012

100

USGS
Station ID

Station name

08313000

San Antonio, NM
08358400

Rio Grande floodway at San Marcial, NM

Table 2. Nine sites at which turbidity and suspended-sediment concentration data have been
collected by the USGS.
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Relationship between suspended-sediment concentration
and turbidity
Although damage from sedimentation is costly, the amount of money invested in SSC
monitoring is grossly underfunded (Osterkamp et al., 1998). SSC monitoring programs generally
do not sufficiently sample across all streamflow events due to limited budgets. If these events are
missed or are poorly sampled, annual fluxes of SSC and SSL are likely to be underestimated
(Rugner, 2013). Surrogate technologies for collecting SSC data are favorable due to their ability
to measure frequently across flow events, providing higher resolution data at reduced cost. Gray
and Gartner (2009) discussed the state-of-the-art surrogate technologies for measuring SSC and
list turbidity, laser diffraction, and acoustic backscatter as successful surrogates, with digital
photo-optics, and differential pressure technologies currently in testing.
The relationship of SSC and turbidity is dependent upon a number of variables which may be
temporally and spatially variable: water color, sediment size, density, shape and type (Downing,
2006; Gippel 1995). The availability and quality of sediment particles depend on the geology,
land use, and anthropogenic input (Rugner, 2013), and changes in the input of the source of
sediment may change the relationship of SSC and turbidity as well. As such, the determination of
a relationship between SSC and turbidity is site specific.
Development of a linear regression model could estimate high resolution SSC data at less cost.
Successful correlations of turbidity and SSC have been made in the following studies:
Christensen et al. (2002) developed an SSC-turbidity model with an
River; Schoellhamer and Wright (2003) calculated an

value of 0.87 from 15 records in 1997 at

eight stations in San Francisco Bay; Uhrich (2002) determined
at three sites in Oregon; Rasmussen et al. (2005) determined
three sites in Kansas; Jones et al. (2011) reported

of 0.987 for the Kansas

values of 0.96, 0.95, and 0.91
values of 0.98, 0.95, and 0.88 at

values of 0.95 and 0.84 in the Little Bear

watershed in northern Utah; Harrington and Harrington (2012) calculated

values of 0.96 and

0.87 in two rivers in southern Ireland; Rugner et al. (2013) determined an

value of 0.89 at six
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sites in Germany, across low ranges of turbidity (0.4 – 114 NTU); and Lewis (2002) discussed
different methods for modeling the correlation of SSC and turbidity, and found significant
correlation at Caspar Creek, California. However, none of the aforementioned river systems were
similar to the shifting sand beds present in the Middle Rio Grande with variable SSCs that may
change orders of magnitude with influx from different sources of streamflow.

Methods
Data collection
The data analyzed in this study for correlation, as well as simple and multiple linear regression
models, were collected by USGS personnel. SSC samples were collected using the equal width
increment sampling method following standard sampling procedures described by Edwards and
Glysson (1999), which yields samples representative of the entire river cross-section. During low
flow conditions, when the river is wadeable, a DH-81 sampler was utilized. During high flow
periods, DH-59, D-95, or DH-95 samplers were used. The turbidity data were collected
following the methods outlined in USGS (2006) National Field Manual for the Collection of
Water-Quality Data, were analyzed in the USGS National Water Quality Laboratory (NWQL) in
Denver, Colorado, and were collected concurrently with SSC samples using identical sampling
equipment during each sampling visit. Turbidity samples were analyzed by the NWQL with a
Hach 2100 AN turbidimeter, using multiple detectors at 90º to a 400-680 nanometer white light.
The real-time (5 minute interval) turbidity data used as a tool for calculating SSC were collected
with a Troll 9500 XP multi-parameter sonde manufactured by In-Situ. The sonde was maintained
by USGS personnel following techniques and methods 1-D3 (Wagner et al., 2006), and has a
maximum detection limit of 2,000 NTU. Supporting SSC data for the real-time analysis were
collected every 24 hours at a single point in the Rio Grande in close proximity to the in-situ
turbidity probe via an ISCO 6700 automated pumping sampler manufactured by Teledyne. Both
turbidity and SSC data were retrieved from the USGS National Water Information System
(NWIS) for 2004 to 2012.
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Data preparation
Samples were selected which contained at least the following for the same date and time:
suspended-sediment concentration, turbidity, and streamflow. Additionally, suspended-sediment
particle size data (reported in percentage of suspended-sediment finer than 62 micrometers) were
included. Particle size data were not available for every sample of SSC, however, and were not
available at all for the Rio Grande at San Felipe, NM, Rio Grande at Isleta, NM, or Rio Puerco
near Bernardo, NM. To avoid bias introduced by changing of lab instruments used to measure
turbidity, the data set was limited to data collected since 2004 when the current method of
measuring turbidity by nephelometric turbidity ratio units (NTRU) was implemented (Brown,
2007).
Sample dilution is required above 400 nephelometric turbidity ratio units (NTRU), which may
produce skewed results. Samples requiring multiple dilutions, mainly samples which contain
large proportions of flow from the Rio Puerco, near Bernardo, NM, are most susceptible to
skewing. Turbidity results with coarse grain sand are also susceptible to bias due to the inability
of heavier sediments to remain in suspension long enough to reflect and refract light passing
through the sample area, and are designated as ‘estimations’ by the lab (Anderson, 2005). The
turbidity samples in this study were reviewed for outliers due to dilution or other possible errors,
yet none of these samples showed significant variance when compared with other non-estimated
values of turbidity. The in-situ turbidity data are limited to less than 2,000 nephelometric
turbidity units (NTU), above which the sensor cannot take measurements. Additional limitations
concomitant with in-situ monitoring of water quality data include silting of the instrument,
calibration drift, and missing data.
The organized SSC, turbidity, and streamflow data were graphed in scatterplot matrices. Plotted
data were reviewed for data distribution and necessary transformation. The means were much
greater than the medians for values of turbidity and SSC, with the exception of the Rio Puerco
near Bernardo, NM site. This suggested that these data required transformation (logarithmic base
10) due to outliers. These outliers were generally collected during high flow events, and are
underrepresented due to the inability of field personnel to be on site during high flow events. All
outliers appear to be valid data, yet represent a range of data which is lacking, and must not be
15

discarded. Following Helsel and Hirsch (2002), base-10 logarithmic transformation of positively
skewed data prior to analysis allowed the transformed data to become more linear, and to
become more normally distributed.

Results
Correlation
Spearman’s rank correlation coefficient ( ) is used to describe the relationship between two
variables. Spearman’s

is preferable to Kendall’s in this analysis, as

is less affected by

outliers and non-normally distributed data (Helsel and Hirsch, 2002). Spearman’s

were

calculated for each site (Table 3), as well as the adjusted p-values using the less conservative
Holm’s method, which results in a stronger test for significance.
The null hypothesis for

is:

, such that when

, there is no correlation between

the two variables. Conversely, perfect correlation of two variables yields a

of 1. The adjusted

p-values describe how likely these correlations could have arisen by pure chance (the null
hypothesis). At the significance level of 0.05, the null hypothesis is strongly rejected when pvalues are less than 0.05, which is to say that the correlation from the data is not likely to arise
from chance alone.
Correlation of SSC to turbidity varied across sites with a minimum at Rio Grande at San Felipe
(

, p-value <0.0001) to a maximum at Rio Grande floodway at San Acacia (
, p-value <0.0001). At the Rio Grande at Albuquerque site, correlation between SSC and

turbidity (

, p-value <0.0001) was similar to SSC and streamflow (

, p-

value <0.0001). However, SSC clearly correlated more strongly with turbidity at all sites.

16

Spearman's rank correlation coefficient (ρ)
Station Name

Variables

Rio Grande at
Otowi, NM

Suspended-sediment
concentration

Turbidity

Discharge

Particle size

Julian day

Suspended-sediment
concentration

1.0000 (NA)

0.7173 (0.0349)

0.4378 (0.4994)

-0.4576 (0.4994)

-0.6073 (0.1489)

Turbidity

0.7173 (0.0349)

1.0000 (NA)

0.2044 (0.9667)

0.0198 (0.9667)

-0.3934 (0.4994)

Discharge

0.4378 (0.4994)

0.2044 (0.9667)

1.0000 (NA)

-0.6923 (0.0486)

-0.8593 (0.0008)

Particle size

-0.4576 (0.4994)

0.0198 (0.9667)

-0.6923 (0.0486)

1.0000 (NA)

0.5912 (0.1558)

Julian day

-0.6073 (0.1489)

-0.3934 (0.4994)

-0.8593 (0.0008)

0.5912 (0.1558)

1.0000 (NA)

Suspended-sediment
concentration

Turbidity

Discharge

Particle size

Julian day

Suspended-sediment
concentration

1.0000 (NA)

0.5485 (<0.0001)

0.1862 (0.4739)

-

0.0677 (1.0000)

Turbidity

0.5485 (<0.0001)

1.0000 (NA)

0.0751 (1.0000)

-

0.3512 (0.0255)

Discharge

0.1862 (0.4739)

0.0751 (1.0000)

1.0000 (NA)

-

-0.3970 (0.0093)

Particle size

-

-

-

-

-

Julian day

0.0677 (1.0000)

0.3512 (0.0255)

-0.3970 (0.0093)

-

1.0000 (NA)

Suspended-sediment
concentration

Turbidity

Discharge

Particle size

Julian day

Suspended-sediment
concentration

1.0000 (NA)

0.5926 (<0.0001)

0.5010 (<0.0001)

-0.1926 (0.3003)

-0.0252 (1.0000)

Turbidity

0.5926 (<0.0001)

1.0000 (NA)

0.0063 (1.0000)

0.3870 (0.0046)

0.2693 (0.0813)

Discharge

0.5010 (<0.0001)

0.0063 (1.0000)

1.0000 (NA)

-0.7171 (<0.0001)

-0.3491 (0.0115)

Particle size

-0.1926 (0.3003)

0.3870 (0.0046)

-0.7171 (<0.0001)

1.0000 (NA)

0.3595 (0.0099)

Julian day

-0.0252 (1.0000)

0.2693 (0.0813)

-0.3491 (0.0115)

0.3595 (0.0099)

1.0000 (NA)

Suspended-sediment
concentration

Turbidity

Discharge

Particle size

Julian day

Suspended-sediment
concentration

1.0000 (NA)

0.7521 (<0.0001)

0.2462 (0.9015)

-

-0.0800 (1.0000)

Turbidity

0.7521 (<0.0001)

1.0000 (NA)

-0.0229 (1.0000)

-

0.1874 (1.0000)

Discharge

0.2462 (0.9015)

-0.0229 (1.0000)

1.0000 (NA)

-

-0.4333 (0.1351)

Particle size

-

-

-

-

-

Julian day

-0.0800 (1.0000)

0.1874 (1.0000)

-0.4333 (0.1351)

-

1.0000 (NA)

Rio Grande at San
Felipe, NM

Rio Grande at
Albuquerque, NM

Rio Grande at Isleta,
NM
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Rio Grande floodway
at Bernardo, NM

Suspended-sediment
concentration

Turbidity

Discharge

Particle size

Julian day

Suspended-sediment
concentration

1.0000 (NA)

0.8653 (<0.0001)

0.7305 (<0.0001)

-0.1002 (1.0000)

-0.1021 (1.0000)

Turbidity

0.8653 (<0.0001)

1.0000 (NA)

0.5474 (<0.0001)

0.1088 (1.0000)

-0.0019 (1.0000)

Discharge

0.7305 (<0.0001)

0.5474 (<0.0001)

1.0000 (NA)

-0.4606 (0.0008)

-0.3241 (0.0506)

Particle size

-0.1002 (1.0000)

0.1088 (1.0000)

-0.4606 (0.0008)

1.0000 (NA)

0.2124 (0.4470)

Julian day

-0.1021 (1.0000)

-0.0019 (1.0000)

-0.3241 (0.0506)

0.2124 (0.4470)

1.0000 (NA)

Suspended-sediment
concentration

Turbidity

Discharge

Particle size

Julian day

Suspended-sediment
concentration

1.0000 (NA)

0.6464 (<0.0001)

0.1177 (1.0000)

-

-0.2749 (0.3076)

Turbidity

0.6464 (<0.0001)

1.0000 (NA)

0.0682 (1.0000)

-

-0.0663 (1.0000)

Discharge

0.1177 (1.0000)

0.0682 (1.0000)

1.0000 (NA)

-

0.0811 (1.0000)

Rio Puerco near
Bernardo, NM

Particle size

-

-

-

-

-

Julian day

-0.2749 (0.3076)

-0.0663 (1.0000)

0.0811 (1.0000)

-

1.0000 (NA)

Suspended-sediment
concentration

Turbidity

Discharge

Particle size

Julian day

Suspended-sediment
concentration

1.0000 (NA)

0.9035 (<0.0001)

0.5243 (<0.0001)

-0.2588 (0.1024)

0.1444 (0.5581)

Turbidity

0.9035 (<0.0001)

1.0000 (NA)

0.3667 (0.0057)

-0.0104 (0.9270)

0.1667 (0.5581)

Discharge

0.5243 (<0.0001)

0.3667 (0.0057)

1.0000 (NA)

-0.6648 (<0.0001)

-0.3517 (0.0083)

Particle size

-0.2588 (0.1024)

-0.0104 (0.9270)

-0.6648 (<0.0001)

1.0000 (NA)

0.1648 (0.5581)

Julian day

0.1444 (0.5581)

0.1667 (0.5581)

-0.3517 (0.0083)

0.1648 (0.5581)

1.0000 (NA)

Suspended-sediment
concentration

Turbidity

Discharge

Particle size

Julian day

Suspended-sediment
concentration

1.0000 (NA)

0.8682 (<0.0001)

0.2315 (0.4599)

0.2627 (0.4599)

0.3387 (0.2493)

Turbidity

0.8682 (<0.0001)

1.0000 (NA)

-0.1172 (0.5301)

0.5559 (0.0093)

0.4701 (0.0482)

Discharge

0.2315 (0.4599)

-0.1172 (0.5301)

1.0000 (NA)

-0.5944 (0.0038)

-0.4308 (0.0777)

Particle size

0.2627 (0.4599)

0.5559 (0.0093)

-0.5944 (0.0038)

1.0000 (NA)

0.4753 (0.0482)

Julian day

0.3387 (0.2493)

0.4701 (0.0482)

-0.4308 (0.0777)

0.4753 (0.0482)

1.0000 (NA)

Suspended-sediment
concentration

Turbidity

Discharge

Particle size

Julian day

Suspended-sediment
concentration

1.0000 (NA)

0.8629 (<0.0001)

0.3893 (0.0020)

0.0763 (0.4905)

0.2346 (0.0951)

Turbidity

0.8629 (<0.0001)

1.0000 (NA)

0.1689 (0.2494)

0.3724 (0.0034)

0.3667 (0.0034)

Rio Grande floodway
at San Acacia, NM

Rio Grande above
highway 380 near
San Antonio, NM

Rio Grande floodway
at San Marcial, NM

Discharge

0.3893 (0.0020)

0.1689 (0.2494)

1.0000 (NA)

-0.7144 (<0.0001)

-0.2839 (0.0354)

Particle size

0.0763 (0.4905)

0.3724 (0.0034)

-0.7144 (<0.0001)

1.0000 (NA)

0.3632 (0.0036)

Julian day

0.2346 (0.0951)

0.3667 (0.0034)

-0.2839 (0.0354)

0.3632 (0.0036)

1.0000 (NA)

Table 3. Spearman's rank coefficient of correlation matrix for all nine sites, testing for
correlation. A value of 1.0 represents perfect correlation between variables, while 0.0 suggests
no correlation, p-values in parenthesis. Particle size data were not available for Rio Grande at
San Felipe, NM, Rio Grande at Isleta, NM, and Rio Puerco near Bernardo, NM.
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Simple linear regression
Simple linear regression (SLR) models were calculated for all nine sites with ordinary least
squares using R (2013). Scatterplots of SSC and turbidity (Figure 2) show definite linearity at a
number of the sites: Rio Grande floodway near Bernardo, NM, Rio Grande floodway at San
Acacia, NM, Rio Grande above highway 380 near San Antonio, NM, and Rio Grande floodway
at San Marcial, NM. Other sites, such as the Rio Grande at Otowi, NM, Rio Grande at San
Felipe, NM, Rio Grande at Albuquerque, NM, and Rio Grande at Isleta, NM, as well as the Rio
Puerco near Bernardo, NM site, show some linearity, but in general, have a great deal of scatter.
Model results (Table 4) list the coefficient of determination (

) and the adjusted

, as well as

the residual standard error (RSE), degrees of freedom (df), F statistic, p-value, as well as the
intercept and coefficient. Adjusted

values ranged from a low of 0.3273 at the Rio Grande at

Otowi, NM, site to a maximum of 0.8178 at the Rio Grande at San Marcial, NM site. At the sites
with stronger relationships between SSC and turbidity (adjusted

values of 0.7857, 0.8007,

0.8151, and 0.8178 at Bernardo, San Acacia, San Marcial, and 380, respectively), the RSE was
significantly low, describing good linear fit of the data. At these sites, the F statistic was high,
suggesting significance in the regression, as well as low p-values, which determined that the data
were unlikely to have been created by chance alone. All values of SSC and turbidity were log
transformed, except Rio Puerco near Bernardo, NM, which is reflected in the elevated values of
RSE and y-intercept.
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Figure 2. Scatterplots of suspended-sediment concentration versus turbidity (left) and suspendedsediment concentration versus streamflow (right) for nine sites in the Middle Rio Grande, NM,
with adjusted R² values and number of samples.
Adjusted R² values were not as high as other studies previously cited. Yet compared with the
more commonly accepted SSC-streamflow relationship, the relationship of SSC and turbidity is
quite significant. Scatterplots of SSC and streamflow show very little linearity (Figure 2) and the
SLR model results (Table 5) are all less significant than those from the SSC-turbidity model. The
poor predictive ability of SSC and streamflow in this study is likely resultant from varying
sediment sources in the river. Periods of baseflow or snowmelt runoff when sources of
suspended-sediment are essentially limited to the river channel generally and have a low ratio of
SSC to streamflow. Conversely, storm runoff from ephemeral and intermittent tributaries to the
Rio Grande may contribute orders of magnitude more SSC, with relatively low volumes of
streamflow.
The usefulness of a model must be considered within the context of the purpose of that model
and not by its R² or other statistical values alone. To consider the usefulness of the model for
predicting values of SSC, estimated values of SSC calculated from both SSC-turbidity and SSCstreamflow SLR equations were compared with measured values of SSC (Table 6). The median
percent error of the predictive ability of the SLR models was significantly less with SSC24

Simple linear regression results comparing suspended-sediment concentration and turbidity
Station Name

R²

R² adjusted

RSE

df

F

p-value

y-intercept

coefficient

Rio Grande at
Otowi, NM

0.3379

0.3273

0.4054

63

32.15

<0.0001

1.4026

0.6868

Rio Grande at
San Felipe, NM

0.4008

0.3903

0.3707

57

38.13

<0.0001

1.0361

0.6855

Rio Grande at
Albuquerque,
NM

0.4221

0.4152

0.3884

84

61.35

<0.0001

1.39945

0.59093

Rio Grande at
Isleta, NM

0.5457

0.5380

0.3284

59

70.86

<0.0001

1.24366

0.64514

Rio Grande
floodway at
Bernardo, NM

0.7885

0.7857

0.2694

76

283.3

<0.0001

0.82395

0.76660

Rio Puerco near
Bernardo, NM

0.4979

0.4881

25210

51

50.58

<0.0001

22540

0.5043

Rio Grande
floodway at San
Acacia, NM

0.8027

0.8007

0.2827

95

386.6

<0.0001

0.67673

0.85290

Rio Grande
above highway
380 near San
Antonio, NM

0.8233

0.8178

0.2631

32

149.1

<0.0001

1.17243

0.66351

Rio Grande
floodway at San
Marcial, NM

0.8169

0.8151

0.2704

100

446.2

<0.0001

0.91806

0.76127

Table 4. Simple linear regression model results of suspended-sediment concentration versus
turbidity at nine sites in the Middle Rio Grande, NM.
RSE = Residual standard error
df = degrees of freedom
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Simple linear regression results comparing suspended-sediment concentration and streamflow
Station Name

R²

R² adjusted

RSE

df

F

p-value

y-intercept

coefficient

Rio Grande at
Otowi, NM

0.212

0.1995

0.2518

63

16.95

0.0001139

2.39486

0.26211

Rio Grande at
San Felipe, NM

0.01301

-0.004302

0.4758

57

0.7515

0.3896

1.4690

0.1870

Rio Grande at
Albuquerque,
NM

0.1183

0.1078

0.4798

84

11.27

0.001184

1.1215

0.5048

Rio Grande at
Isleta, NM

0.1317

0.0955

0.4293

24

3.641

0.06841

1.4051

0.3982

Rio Grande
floodway at
Bernardo, NM

0.3937

0.3857

0.4503

75

48.71

<0.0001

1.47301

0.42509

Rio Puerco near
Bernardo, NM

0.02799

0.006392

34250

45

1.296

0.261

41655

26272

Rio Grande
floodway at San
Acacia, NM

0.166

0.1572

0.5812

95

18.91

<0.0001

1.60031

0.40452

Rio Grande
above highway
380 near San
Antonio, NM

0.02916

-0.001175

0.6168

32

0.9613

0.3342

2.6003

0.1704

Rio Grande
floodway at San
Marcial, NM

0.1801

0.1719

0.5722

100

21.96

<0.0001

2.1033

0.38936

Table 5. Simple linear regression model results of suspended-sediment concentration versus
streamflow at nine sites in the Middle Rio Grande, NM.
RSE = Residual standard error
df = degrees of freedom
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turbidity based models. Greatest improvements of reduced percent error were seen at Rio Puerco
near Bernardo, NM, and Rio Grande above highway 380 near San Antonio, NM, (198% and
125% improvement, respectively). The least median percent error improvement was at Rio
Grande floodway near Bernardo, NM, and Rio Grande floodway at San Acacia, NM, with 27%
and 35%, respectively, which is still significant improvement. Figure 3 shows calculated versus
measured values of SSC, with a one to one line representing perfect agreement between
calculated and measured values. The estimated SSC values were calculated based on simple
linear regression model derived equations using 2013 turbidity data. The estimated values were
compared with measured values of SSC collected on the same visit.
SSC has been considered to be dependent on values of streamflow (Porterfield, 1972), and in
general, this is true. However, for river systems with highly variable suspended-sediment
influxes similar to the Middle Rio Grande, this is not always supported. Spearman’s rank
correlation coefficient, review of the scatterplots of SSC, turbidity, and streamflow, and the
percent error of the ability to predict values of SSC from SSC-turbidity versus SSC-streamflow
models clearly show that, although the relationship at some sites is adequate and others quite
weak, the relation between SSC and turbidity is stronger than SSC and streamflow at all sites.
Yet the results of this study do not show as strong of a relationship between SSC and turbidity as
other studies. Possible explanation of the weakness of the relationship between SSC and turbidity
is likely due to the variability in the type of SSC in the river, in particular its particle size,
mineral properties, and color. To test whether additional variables would create a linear
regression model better able to predict values of SSC, multiple linear regression models were
created considering turbidity, streamflow, and suspended-sediment particle size (where
available). Mineral property and sediment color data were not available, yet would be a desirable
variable to include in future studies.
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RSE

Median percent error
(min - max)

Adjusted
R²

RSE

Median percent error
(min - max)

Parameters
modeled

Multiple Linear Regression
(SSC vs. others)

Adjusted
R²

Simple Linear Regression
(SSC vs. turbidity)

Median percent error
(min - max)

Simple Linear Regression
(SSC vs. streamflow)
RSE

Turbidity

Adjusted
R²

54
(10 - 77)

Turbidity
Particle size

Site

0.3707

12
(0.8 - 86)

Turbidity
Streamflow

Turbidity
Streamflow

0.3903

0.3339

-

Turbidity
Streamflow
Particle size

42
(4.8 - 62)

54
(10 - 77)

0.6073

0.2715

20
(10 - 90)

Turbidity

0.3729

0.3707

14
(0.8 - 84)

0.6382

0.2264

39
(5.5 - 158)

0.4307

0.3903

0.3884

39
(3.1 - 84)

0.8564

25210

35
(1.0 - 67)

65
(1.6 - 151)

0.4152

0.3284

31
(6.9 - 87)

0.4881

0.4054

-0.004302 0.4758

70
(51 - 104)

0.5380

0.2694

39
(5.5 - 158)

0.3273

0.4798

-

0.7857

25210

316
(35 - 1290)

0.1078

0.4293

58
(0.7 - 112)

0.4881

0.2518

Rio Grande at
Albuquerque, NM

0.0955

0.4503

237
(145 - 871)

0.1995

Rio Grande at Isleta,
NM

0.3857

34250

Rio Grande at Otowi,
NM

Rio Grande floodway
near Bernardo, NM

0.006392

Turbidity
Streamflow
Particle size

Rio Grande at San
Felipe, NM

Rio Puerco near
Bernardo, NM

25
(1.6 - 60)

Turbidity
Streamflow

0.2111

11
(4.0 - 44)

Turbidity
Streamflow
Particle size

0.8964

0.1729

20
(0.08 - 44)

33
(0.05 - 86)

0.9213

0.2127

0.2827

32
(7.6 - 97)

0.8852

0.8007

0.2631

22
(4.0 - 105)

68
(7.0 - 543)

0.8178

0.2704

0.5812

157
(22 - 347)

0.8151

0.1572

-0.001175 0.6168

95
(6.8 - 227)

0.1719

0.5722

Rio Grande floodway at
San Acacia, NM
Rio Grande above
highway 380 near San
Antonio, NM
Rio Grande floodway at
San Marcial, NM

Table 6. Simple linear regression model results for suspended-sediment concentration versus streamflow, and suspended-sediment
concentration versus turbidity, as well as multiple linear regression model results. Median percent error derived from model based estimated
suspended-sediment concentrations compared with measured suspended-sediment concentrations using 2013 data.
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Figure 3. Scatterplot comparisons of calculated versus measured SSC values with a one to one line. Each
site has a plot from the simple (left) and multiple (right) linear regression models, except for Rio Grande
at San Felipe, NM, and Rio Puerco near Bernardo, NM, which were not improved by any multiple linear
regression, and Rio Grande at Isleta, NM, which no longer has streamflow data available to use with the
multiple linear regression model (these three sites’ scatterplots are displayed at the end of the list for
formatting purposes).
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Multicollinearity
Prior to determining the best multiple linear regression (MLR) models, each site was tested for
multicollinearity. If multicollinearity exists between explanatory variables in a model, the
confidence intervals are inflated for the regression coefficients. The variance inflation factor
(VIF) test, described by Marquardt (1970), was performed on the dependent variable of SSC,
while considering explanatory variables of 1) turbidity, 2) streamflow, and 3) suspendedsediment particle size. The results of the VIF test suggest multicollinearity between an
explanatory variable and SSC if the value from the test is greater than 5. None of the explanatory
variables show collinearity with SSC (Table 7), and there is not likely to be a significant amount
of variance in the regression coefficients due to collinearity. Multicollinearity is less of a concern
when the main interest in MLR is the ability to predict values of a dependent variable, and even
the highest values from the VIF (maximum value of 3.101768 at Rio Grande at Otowi, NM, for
streamflow) pose little risk of masking the relationship between SSC and the variables in the VIF
test. There were no particle size data for Rio Grande at San Felipe, NM, Rio Grande at Isleta,
NM, and Rio Puerco near Bernardo, NM.

Variance inflation factor test for multicollinearity with values of suspended-sediment concentration (mg/L)
Rio Grande above
Rio Grande floodway
highway 380 near San
at San Acacia, NM
Antonio, NM

Rio Grande
floodway at San
Marcial, NM

Rio Grande at Otowi,
NM

Rio Grande at San
Felipe, NM

Rio Grande at
Albuquerque, NM

Rio Grande at Isleta,
NM

Rio Grande floodway
near Bernardo, NM

Rio Puerco near
Bernardo, NM

Turbidity (NTRU)

1.428810

1.289016

1.477133

1.046677

1.749517

1.003751

1.208259

1.435066

1.468967

Streamflow (ft³/s)

3.101768

1.189506

2.636067

1.234177

1.991512

1.014639

1.700823

1.121290

2.025673

Suspended-sediment
particle size
(percent finer than)

2.337813

NA

2.844965

NA

1.233706

NA

1.440773

1.190592

2.144724

Table 7. Variance inflation factor test for multicollinearity at the nine sites in the Middle Rio
Grande, NM.

Multiple linear regression
Stepwise Akaike Information Criterion (AIC) model selection was utilized to determine if the
addition of turbidity, streamflow, or particle size strengthened the model. The results of the best
model selected for each site are listed in Table 8, with the AIC selected best combination of
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variables at each site. Turbidity was most strongly related to SSC in all models, and the addition
of streamflow improved the model of SSC and turbidity at six of the nine sites. Suspendedsediment particle size data was available for only six of the nine sites, yet improved the model at
four of those sites. The MLR models for Rio Grande at Otowi, NM, Rio Grande at Isleta, NM,
and Rio Grande floodway near Bernardo, NM, were not greatly improved from the SLR models.
The SLR model of SSC and turbidity described the relationship better at the Rio Grande at San
Felipe, NM, and Rio Puerco near Bernardo, NM, sites than did any additional variables.
The MLR models that were an improvement over the SLR models were those at Rio Grande at
Albuquerque, NM (adjusted
Acacia, NM (adjusted

increasing from 0.4152 to 0.6073), Rio Grande floodway at San

increasing from 0.8007 to 0.8964), Rio Grande above highway 380

near San Antonio, NM (adjusted

increasing from 0.8178 to 0.9213), and Rio Grande

floodway at San Marcial, NM (adjusted

increasing from 0.8151 to 0.8852). Comparison of

MLR based estimated SSC values with 2013 measured SSC values show similar results to the
SLR based estimations (Table 6). The median percent error was improved with all MLR models,
with the exception of the Rio Grande at Otowi, NM. However, these improvements are minimal
and are not sufficient to warrant the costly data collection associated with measuring streamflow
and/or suspended-sediment particle size. Additionally, simplified models are preferred to more
complex models. At all sites, the simplified, less costly SLR model is the preferred model.

Seasonality
Highly turbid water in the Middle Rio Grande is usually the result of storm runoff during the
North American monsoon season, occurring from July to August (Adams and Comrie, 1997).
Elevated streamflow from snow melt runoff or reservoir releases are more turbid than baseflow,
but are significantly less turbid than storm runoff. The amount of SSC in 1,000 cubic feet per
second of streamflow during snow melt runoff in spring is greatly different than the amount of
SSC in 1,000 cubic feet per second streamflow during a typical monsoon storm runoff. Analysis
of the possibility of a seasonal effect on the SSC-turbidity relationship was performed by
dividing SSC-turbidity data pairs into two categories: 1) monsoon season (July to October), and
2) non-monsoon (November to June). September and October were added to the monsoon season
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as these months are better represented by periods of monsoon-like thunderstorm generated
streamflow.
Multiple linear regression model results
Station Name

R²

R² adjusted

RSE

df

F

p-value

y-intercept

coefficient

Rio Grande at
Otowi, NM

0.4485

0.4307

0.3729

62

25.21

<0.0001

-0.2781

0.5914 turbidity
0.6012 streamflow

Rio Grande at
San Felipe, NM

0.4008

0.3903

0.3707

57

38.13

<0.0001

1.0361

0.6855 turbidity

Rio Grande at
Albuquerque,
NM

0.6180

0.6073

0.3339

71

57.44

<0.0001

1.670054

0.774951 turbidity
-0.009432 particle size

Rio Grande at
Isleta, NM

0.6671

0.6382

0.2715

23

23.04

<0.0001

0.2197

0.6541 turbidity
0.3463 streamflow

Rio Grande
floodway at
Bernardo, NM

0.8631

0.8564

0.2264

61

128.2

<0.0001

1.10556

0.69879 turbidity
0.14977 streamflow
-0.26462 particle size

Rio Puerco near
Bernardo, NM

0.4979

0.4881

25210

51

50.58

<0.0001

22540

0.5043 turbidity

Rio Grande
floodway at San
Acacia, NM

0.9003

0.8964

0.2111

76

228.8

<0.0001

1.8117

0.82932 turbidity
-0.76014 particle size
0.12925 streamflow

Rio Grande
above highway
380 near San
Antonio, NM

0.9261

0.9213

0.1729

31

194.3

<0.0001

0.31146

0.70166 turbidity
0.32421 streamflow

Rio Grande
floodway at San
Marcial, NM

0.8893

0.8852

0.2127

80

214.3

<0.0001

1.88375

0.76297 turbidity
-0.69289 particle size
0.13942 streamflow

Table 8. Multiple linear regression model results. The best model was selected by Stepwise
Akaike Information Criterion model selection. Rio Grande at San Felipe, NM, and Rio Puerco
near Bernardo, NM, were not improved by addition of any other parameter than turbidity.
RSE = Residual standard error
df = degrees of freedom
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Monsoon and non-monsoon based scatterplots of SSC and turbidity (Figure 4) show monsoon
season data consistently plot to the left of the non-monsoon data, except for the Rio Puerco near
Bernardo, NM site. Along this linear trend for monsoon and non-monsoon periods there appears
to be a number of outliers at each site for their respective season. These outliers are likely due to
monsoon-like flow (storm runoff) occurring during periods classified, for the purposes of this
study, as non-monsoon flow. Conversely, other samples included in the non-monsoon data set
were possibly more similar to monsoon type season, yet occurred during the time designated as
non-monsoon. Analysis of the hydrographs for each SSC-turbidity data pair could determine
whether the samples were collected during baseflow or storm runoff, yet was not in the scope of
this study. The differentiation of types of flow event would be a better analysis than the
seasonality analysis performed in this study.
From personal observation and wading in the Rio Grande during various seasons and flow
regimes, a marked difference in stream bed composition and suspended-sediment is concomitant
with the two different relationships of SSC and turbidity seen in the scatterplots of monsoon and
non-monsoon periods. The difference in the SSC-turbidity relationship during monsoon and nonmonsoon periods is likely due to sediment source. During baseflow and reservoir releases,
available sediment is predominantly limited to the streambed and banks. During storm events,
additional sediments are mobilized from a variety of ephemeral streams and arroyos with
temporal and spatial variability along the course of the Rio Grande. Figure 4 shows the monsoon
data containing a greater range of SSC and turbidity values at all sites, reflecting the increased
mobilization of sediment particles from various arroyos during rainstorms. The Rio Puerco near
Bernardo, NM site affirms this assumption with a nearly constant composition of fine sand and
silt, which is reflected in the lack of variation in the monsoon and non-monsoon data.
Considering the correlation coefficients, the adjusted R² values, and the percent difference error
in model based estimations, there does not appear to be any longitudinal effects of correlation.
The analysis of seasonality confirms the assumption that sediment source is likely the main
factor in the change in the SSC-turbidity relationship.
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Figure 4. Scatterplots of suspended-sediment concentration versus turbidity for two different
periods: monsoon (blue circle) and non-monsoon (red triangle). Monsoon is defined as the period
from July to October.

Real-time turbidity data
While regression models of SSC and turbidity have been successful in many other streams and
rivers, the analysis of the Rio Grande data discussed above clearly shows a lack of a similarly
straightforward, useable model at most sites. However, it may be possible to use real-time, insitu values of turbidity as a guide for computation of mean daily values of SSC and SSL.
Historically, methods for computing SSC mean daily values as described by Porterfield (1972)
have followed a streamflow based SSC transport curve, yet in rivers that lack an SSC-streamflow
relationship, this method for computation of SSC values misrepresents sediment transport. While
turbidity is not a robust surrogate for SSC in the middle Rio Grande, it does maintain a better
correlation to SSC than does streamflow.
An example of the potential for real-time turbidity data to be used as a guide for SSC calculation
is shown in Figures 5-9. Data were gathered from a YSI 6920 multi-probe sonde deployed at the
Rio Grande at Albuquerque, NM, USGS sediment gage (08330000). The sonde was installed on
39

January 1, 2012 and continues in operation as of this writing. The SSC daily samples were
collected by an ISCO automatic pump sampler located within 5 feet of the sonde. As opposed to
the EWI cross-section SSC samples used in the previous analysis that represent the entire river,
these point samples are collected at one fixed location on the right bank, when looking
downstream. These point SSC samples are representative of the same streamflow as that which
the turbidity sonde measured. Additionally, fifteen minute streamflow data were collected by the
USGS, and were retrieved from NWIS.
Figure 5 shows a streamflow event from March 15 to April 06, 2012 at the Rio Grande at
Albuquerque, NM site. The streamflow increases steadily until a small peak above 2,300 cubic
feet per second (cfs) occurs on April 03. Consideration of SSC and streamflow alone shows little
relationship, with the exception of the sample at the peak of streamflow. However, values of
turbidity are seen increasing independently with streamflow, with three peaks of over 1,500
NTU, originating from inflow to the Rio Grande from the Jemez River during spring snow melt
(Figure 6). The influx of streamflow from the Jemez River was a small percentage of the overall
streamflow in the Rio Grande, yet contributed significant SSC that was apparent in the turbidity
data. The SSC samples on March 18-20 relate better with turbidity than with streamflow, and the
sample on April 04 coincides with a sharp increase in turbidity, while streamflow had dropped
by over 1,000 cfs since its peak of over 2,300 cfs. Neither streamflow nor turbidity on these
small time scales is able to capture all of the variability of SSC. However, a combination of
streamflow and turbidity appears to be an improvement over exclusive SSC-turbidity or SSCstreamflow based relationships, especially on small time scales.
A second streamflow event is shown in Figures 7 and 8 from April 24 to June 03, 2012 at the
same site on the Rio Grande. Streamflow decreases from 1,100 cfs on April 28 to 460 cfs on
May 25 and values of SSC follow the same general decreasing trend. On May 12, an SSC sample
of 1,100 milligrams per liter (mg/L) was an order of magnitude greater than the sample collected
on the previous day. Figure 8 shows a rapid increase of real-time turbidity that occurs on March
12, confirming this rapid increase of SSC. Analysis of upstream hydrographs reveal the likely
source as the North Floodway channel in Albuquerque (Figure 9) following a local rainstorm.
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Figure 5. Time series turbidity data (red line) and streamflow data (blue line) with suspendedsediment concentration point samples (black triangles) during multiple flow events from March
15 to April 06, 2012 at Rio Grande at Albuquerque, NM.

Figure 6. Streamflow at Jemez River below Jemez Canyon Dam (purple) and North Floodway
channel near Alameda (green).
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Figure 7. Time series streamflow data (blue line) with suspended-sediment concentration point
samples (black triangles) during flow events from April 24 to June 03, 2012 at Rio Grande at
Albuquerque, NM.

Figure 8. Time series turbidity data (red line) and suspended-sediment concentration point
samples (black triangles) during flow events from April 24 to June 03, 2012 at Rio Grande at
Albuquerque, NM.
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Figure 9. Streamflow for the North floodway channel near Alameda, NM, from April 23 to June
2, 2012.

The real-time turbidity data still shows a high amount of variability in the SSC-turbidity
relationship. Additionally, in-situ turbidity meters have a maximum detection limit, generally
2,000 NTU, at which point SSC values would be estimated using the trend in flow from the
hydrograph. Despite these limitations, the real-time turbidity data is still a useful tool for
calculating SSC. It is clear that neither streamflow, nor turbidity is a perfect surrogate
measurement for SSC, yet consideration of real-time streamflow and turbidity data during
calculation of mean daily SSC/SSL will significantly reduce the error in the final data.
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Summary
Suspended-sediment data are key information in riverine management yet these data are costly
and time consuming to collect. Surrogate technologies may allow for cheaper, more timely
measurements. Turbidity, the measurement of refraction of light through stream water, has been
proven to be a useful surrogate for SSC in certain rivers. The potential relationship between SSC
and turbidity is site specific, with the presence of suspended and dissolved constituents such as
clay, silt, finely divided organic matter, plankton and other microscopic organisms, organic
acids, and dyes influencing the measurement of turbidity, and cause the SSC-turbidity
relationship to be site specific.
For the eight sites in the Middle Rio Grande, as well as the site on the Rio Puerco, Spearman’s
rank correlation coefficient showed SSC correlated better with turbidity than it did with
measurements of streamflow or sediment particle size at all sites in the Middle Rio Grande.
Values ranged from

, p-value <0.0001 at Rio Grande at San Felipe, NM to

, p-value <0.0001 at Rio Grande floodway at San Acacia, NM. Simple and multiple linear
regression shows the best models to be developed were for the Rio Grande floodway near
Bernardo, NM (adjusted R² = 0.8564, p value <0.0001); Rio Grande floodway at San Acacia,
NM (adjusted R² = 0.8964, p value <0.0001); Rio Grande above highway 380 near San Antonio,
NM (adjusted R² = 0.9213, p value <0.0001); and Rio Grande floodway at San Marcial, NM
(adjusted R² = 0.8852, p value <0.0001). Addition of suspended-sediment particle size, as well as
streamflow did improve the relationship of SSC and turbidity at some sites, but only slightly.
Considering the cost of suspended-sediment particle size data, as well as the preference of
selecting simplified models, the simple linear regression models of SSC and turbidity are the
preferred models for all sites in this study. While these models were not found to be as well
correlated as those in the literature, they are more useful models than the relationship of SSC and
streamflow alone. The effectiveness of estimating values of SSC using the simple linear
regression equations were determined using 2013 data. The median percent error of estimated
values from actual measured values of SSC ranged from 14% at Rio Grande at Albuquerque,
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NM, to 54% at Rio Grande San Felipe, NM, yet all sites showed significant decrease in percent
error when compared with SSC-streamflow based model error.
Neither turbidity nor streamflow are perfect surrogates for estimating SSC, yet measurements of
real-time turbidity values, in conjunction with streamflow, may prove useful in calculating mean
daily SSC and suspended-sediment loads. The real-time data used for computation of mean daily
values of SSC showed periods when SSC better correlated with streamflow, yet turbidity data
revealed anomalies in SSC flux that were not visible with streamflow data alone. It is anticipated
that consideration of turbidity data, in conjunction with streamflow data will better estimate
values of SSC that are subsequently used to calculate mean daily values of SSC and SSL.
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